Introduction {#s0005}
============

The period of gestation is one of the most important predictors of an infant\'s subsequent health and survival. The phenomenon of pregnancy can be compromised by a number of complications, such as threatened abortion, recurrent spontaneous miscarriage, preeclampsia, and preterm delivery (([@bb0055], [@bb0135]). Preterm delivery is defined as delivery occurring before 37 weeks of gestation, and is a major public health problem throughout the world ([@bb0020] and [@bb0040]). It is one of the most significant contributors to neonatal mortality and morbidity ([@bb0150]), with long-term adverse consequences for health, and cognitive outcome as well as financial implications for health care ([@bb0020], [@bb0075], [@bb0220]). In almost all high and middle income countries of the world, preterm birth is the leading cause of child death ([@bb0140]). Based on gestation, preterm birth is subdivided into three different cohort as such, extremely preterm (\< 28 weeks of gestation), very preterm (28 to \< 32 weeks of gestation) and moderate or late preterm (32 to \< 37 completed weeks of gestation) ([@bb0030], [@bb0170]). Most premature babies (almost 80--85%) are born between 32 and 37 weeks of gestation (moderate/late preterm); whereas about 10% and 5% of preterm babies are born between 28 and \< 32 weeks, and \< 28 weeks of gestation respectively, and result in high number of fetal mortality cases, especially in low-income countries ([@bb0025]). At present, the global incidence of preterm birth is at an alarming rate ([@bb0025]). India occupies the topmost position in the prevalence of highest number of preterm birth cases, which is one of the leading causes of neonatal morbidity and mortality ([@bb0025]). Moreover, it is of serious concern that the North-eastern region of India is a zone with very high number of cases of preterm delivery ([@bb0080]). Unfortunately, no scientific studies have been undertaken till date to elucidate the underlying molecular mechanism(s) or genetic predisposition associated with preterm delivery and related complications from this area which has a ethnically distinct population compared to other parts of Indian subcontinent, and is mostly tribal dominant.

The etiology of preterm delivery is unclear. It is thought to be a multifactorial, complex disorder with the involvement of physio-pathological, genetic and environmental factors ([@bb0020], [@bb0085]). There are several pathways which play a pivotal role for the maintenance of a successful pregnancy. The two most critical pathways associated with successful pregnancy are folate pathway and progesterone pathway. So any defect in these key pathways leads to the complication in pregnancy. Folate is a generic term for members of the vitamin B9 family, which plays a key role in cellular biosynthetic processes including cell division and cell growth, DNA synthesis and methylation ([@bb0195]). Various pregnancy complications have been associated with folate deficiency, and folate dependent reactions have been shown to be essential for fetal growth and development, and for the maternal well-being ([@bb0215]). 5-Methyl-enetetrahydrofolate reductase (*MTHFR*) is a key enzyme involved in folate metabolism which catalyses the conversion of 5,10-methylenetetrahydrofolate to 5-methylenetet-rahydrofolate, the circulatory form of folate. The common polymorphisms of the *MTHFR* gene which results in cytosine to thymine substitution at position 677 (677C → T) is responsible for the loss of enzyme activity (50--70% loss of activity in homozygotes and 30% loss in heterozygotes) which leads to a decreased pool of methyl-THF and hyperhomocysteinemia, particularly in folate deficiency ([@bb0070]), which may influence common pregnancy outcomes ([@bb0105]) and can increase the risk of spontaneous abortion, preterm delivery, or intrauterine growth restriction ([@bb0050]). Another important pathway associate with the pregnancy is the progesterone pathway. Progesterone is essential in establishing and maintaining pregnancy ([@bb0110]). Progesterone receptor (*PR*) mediates the physiologic effects of progesterone ([@bb0145], [@bb0190]). Three linked single nucleotide polymorphisms (SNPs) (exon 1: G 1031 C; S344T, exon 4: G 1978T; L660V and exon 5: C 2310T; H770H) in the *PR* gene were found to be associated with Recurrent Spontaneous Abortion ([@bb0185]). The SNP in the exon 1 is reported to be apparently linked to the SNPs in exons 4 and 5 ([@bb0185]) which are in turn in linkage disequilibrium with PROGINS, a 306 base pairs (bp) insertion of PV/HS-1 Alu subfamily in intron G, between exons 7 and 8 in the codifying region of the hormone binding domain ([@bb0115] and [@bb0185]). Polymorphic variants of *PR* gene also have been implicated in implantation failure ([@bb0165]).

Considering the high rate of preterm delivery in northeast India, the lacunae regarding the availability of scientific data pertaining to preterm delivery and related complications, and available literature, the present study was undertaken with the aim to study the associative role of *MTHFR* gene polymorphism and progesterone receptor *(PR)* mutation (PROGINS) in susceptibility to preterm delivery, negative pregnancy outcome and baby birth weights.

Materials and methods {#s0010}
=====================

Patient enrolment and stratification {#s0015}
------------------------------------

For the present study, pregnancy cases undergoing delivery (*N* = 403) were enrolled with all clinical details, from the Department of Obstetrics and Gynaecology of Gauhati Medical College and Hospital, and Down Town fertility clinic and IVF center, Down Town Hospital, under the supervision of a registered medical practitioner with informed consent. The cases were further stratified as term delivery (*n* = 194) or preterm delivery cases (delivery before 37 weeks of gestation) (*n* = 209) based on weeks of gestation. The study was approved by the Institutional Ethics Committee of Gauhati University. Pregnant females who were under 18 years of age and above 45 years of age, or cases having jaundice, tuberculosis, HPV infection, patients with urinary tract infection (UTI) were excluded from the study. Whole blood (2 ml) was collected from each patient with informed consent. Based on available literature ([@bb0030], [@bb0170]) the 209 preterm delivery cases were further stratified into three cohorts in accordance to the gestation period as: extremely preterm (\< 28 weeks, *n* = 22), very preterm (28 to \< 32 weeks, *n* = 43) and moderately or late preterm (32 to \< 37, *n* = 144). The genomic DNA was extracted from the collected whole blood using the standard phenol chloroform method.

PCR-RFLP analysis of *MTHFR* C677T polymorphism {#s0020}
-----------------------------------------------

The method described by Frosst et al. was used for detection of 677C → T polymorphism. Briefly, a length of 198 bp in exon 4 of *MTHFR* gene was amplified using the primers 5′ TGAAGGAGAAGGTGTCTGCGGGA3′ and 5′AGGACGGTGCGGTGAGAGTG3′, followed by restriction digestion using the *HinfI* enzyme. A single band of 198 bp characterized wild-type C allele for codon 677, while the presence of three bands at 198, 175 and 23 bp or 175 and 23 bp only characterized heterozygous and homozygous (characterizing presence of T allele for codon 677) variant status respectively. The genotyping analysis was performed by Diptika Tiwari. To improve the genotyping quality and validation, 20% of samples were re-genotyped by other laboratory personnel (Somdatta Das) blinded to the term-preterm delivery status of the subjects, and results were reproducible with no discrepancy in genotyping.

Mutation analysis of progesterone receptor (*PR*) gene or PROGINS detection {#s0025}
---------------------------------------------------------------------------

PROGINS, a haplotype of progesterone receptor consisting of 306-bp insertion in intron G together with point mutations in exon 4 and 5 is associated with reduced amounts of gene transcript and lesser response to progesterone. Since these three mutations always occur together and are in complete linkage disequilibrium, detection of 306 bp insertion in intron G is used to identify PROGINS. PCR was done using the primers designed by [@bb0005] {F:5′GCCTCTAAAATGAAAGGCAGAAAGC3′ and R:5′GTATTTTCTTGCTAA ATGTCTC3′}, to amplify intron G of *PR* gene. Mutation in intron G was detected by the presence of 476 bp fragments while the presence of only 170 bp fragments represented wild type allele. After completion of genotyping analysis by Diptika Tiwari, 20% of samples were randomly re-genotyped by Dr. PD Bose to validate the results (blinded to the case status of the subjects), and results were reproducible with no discrepancy in genotyping.

Statistical analysis {#s0030}
--------------------

All statistical analyses were performed by the standard methods using SPSS computer software (Version 13, SPSS Inc., Chicago, IL, USA). Results were expressed as means ± standard deviations (SD). The χ2 goodness of fit test was used for any deviation from Hardy--Weinberg equilibrium. The significance was described as Pearson *p*-value. Associations between *MTHFR* polymorphism, *PR* mutation and preterm delivery and negative pregnancy outcome risk were calculated as odds ratio (OR) with 95% confidence intervals (CIs); a two tailed *p*-value less than 0.05 was considered statistically significant.

Results {#s0035}
=======

Demographical profile of the enrolled cases {#s0040}
-------------------------------------------

For the present prospective study we enrolled patients undergoing delivery from the Obstetrics and Gynaecology Department of GMCH under the supervision of a registered medical practitioner with all clinical data and informed consent. Patients were stratified on the basis of gestational period as term (*n* = 194) and preterm (*n* = 209); preterm cases were further classified into three cohorts viz.; extremely preterm (\< 28 weeks, *n* = 22), very preterm (28 to \< 32 weeks, *n* = 43) and moderately or late preterm (32 to \< 37 weeks, *n* = 144). The cases were enrolled with all clinical details of the mother and the baby weight at birth ([Table 1](#t0005){ref-type="table"}). The baby birth weight was significantly lower in all the preterm delivery case groups compared to the term delivery cases (*p* \< 0.001); as well as in extremely preterm cases compared to very (*p* \< 0.001) and moderately preterm delivery cases (*p* \< 0.001). The baby birth weight was also significantly lower to very preterm cases compared to the moderately preterm cases (*p* \< 0.001).

Distribution of *MTHFR* polymorphism and *PR* mutation and its association with preterm delivery {#s0045}
------------------------------------------------------------------------------------------------

The *MTHFR* C677T polymorphism is important with regards to the enzyme activity of the gene product, and was screened by PCR-RFLP method using *HinfI* restriction digestion. The *MTHFR* PCR amplification showed a presence of 198 bp band ([Fig. 1](#f0005){ref-type="fig"}A), which then generated fragments of single uncut band of 198 bp (wild-type), three bands of 198 + 175 + 23 bp (heterozygote) or two bands of 175 + 23 bp (homozygote) ([Fig. 1](#f0005){ref-type="fig"}B) as a RFLP product after restriction digestion. PROGINS mutation is congenital. *PR* mutation is characterized by the presence 306 bp of ALU insertion. Therefore, allele specific PCR was employed to study the presence of any mutation in this gene. The wild type genotype shows a band sized 170 bp, whereas the mutated form shows bands at 476 bp due to the presence of the 306 bp ALU insertion ([Fig. 1](#f0005){ref-type="fig"}C).

The distribution of *MTHFR* polymorphism was significantly higher (*p* \< 0.001) in preterm delivery cases (29.18%) compared to term delivery cases (12.37%). The results didn\'t show any deviation from Hardy--Weinberg equilibrium. The presence of *MTHFR* polymorphism was found to significantly increase the risk of preterm pregnancy by more than two folds {OR = 2.872 (1.704--4.841) at 95%CI, *p* \< 0.001}. Although, the distribution of *PR* mutation was higher in preterm delivery cases (5.26%) compared to term delivery cases (2.06%), it didn\'t result in significant increase (*p* = 0.088) in the risk of preterm delivery compared to controls {OR = 2.652 (0.830--8.474) at 95%CI, *p* = 0.115} ([Table 2](#t0010){ref-type="table"}).

Risk factor analysis for preterm delivery between term and different stratified cohorts of preterm based on *MTHFR* polymorphism {#s0050}
--------------------------------------------------------------------------------------------------------------------------------

When distribution of *MTHFR* polymorphism in term delivery cases was analyzed against three different cohorts of preterm cases viz., extremely, very and moderately preterm delivery groups; it was found that the presence of *MTHFR* polymorphism is significantly associated with extremely (*p* \< 0.001), very (*p* = 0.001) as well as in moderately preterm delivery (*p* = 0.002). Moreover, the presence of *MTHFR* polymorphism significantly increased the risk of extremely {OR = 5.903 (2.302--15.138) at 95% CI, *p* \< 0.001}, very {OR = 3.420 (1.587--7.369) at 95% CI, *p* = 0.002} and moderately preterm delivery {OR = 2.449 (1.388--4.322) at 95% CI, *p* = 0.002} compared to term delivery cases ([Table 3](#t0015){ref-type="table"}).

When the distribution of *MTHFR* polymorphism was compared between the extremely, very and moderately preterm cohorts, the difference in distribution was found to be statistically non-significant (*p* = NS); but importantly, the presence of *MTHFR* polymorphism increased the risk of extremely preterm delivery compared to very {OR = 1.726 (0.602--4.593) at 95% CI, *p* = 0.416} and moderately preterm delivery {OR = 2.410 (0.962--6.039) at 95% CI, *p* = 0.074}, whereas there was no prominent fold change in the increased risk between very and moderately preterm delivery groups {1.396 {.667--2.924} at 95% CI, *p* = 0.436} ([Table 3](#t0015){ref-type="table"}).

Risk factor analysis for preterm delivery between term and different stratified cohorts of preterm based on *PR* (PROGIN) mutation {#s0055}
----------------------------------------------------------------------------------------------------------------------------------

When distribution of *PR* mutation (PROGINS) was analyzed between term delivery cases against three different cohorts of preterm cases viz., extremely, very and moderately preterm delivery groups; it was found that the presence of *PR* mutation was not significantly associated with extremely (*p* = 0.058), very (*p* = 0.329) or moderately preterm delivery (*p* = 0.152). But importantly, the presence of *PR* mutation increased the risk of extremely {OR = 4.750 (0.818--27.576) at 95% CI, *p* = 0.116}, very {OR = 2.317 (0.411--13.078) at 95% CI, *p* = 0.299} and in moderately preterm delivery {OR = 2.427 (0.697--8.454) at 95% CI, *p* = 0.215} compared to term delivery ([Table 4](#t0020){ref-type="table"}).

When the distribution of *PR* mutation was analyzed between the different stratified preterm cohorts, it was found that there was no significant difference in distribution of *PR* mutations between extremely and moderately preterm (*p* = 0.416), extremely and very preterm (*p* = 0.484) and very and moderately preterm delivery cases (*p* = 0.955). Although there was no significant correlation between the preterm groups, the presence of *PR* variant genotype was associated with increase in the risk of extremely preterm delivery compared to very {OR = 2.050 (0.269--15.633) at 95% CI, *p* = 0.599} and moderately preterm delivery {OR = 1.957 (0.380--10.089) at 95% CI, *p* = 0.340}; whereas there was no prominent fold change in the risk of very preterm delivery compared to moderately preterm delivery (*p* = NS) ([Table 4](#t0020){ref-type="table"}).

Association of *MTHFR* polymorphism and *PR* mutation with pregnancy outcome {#s0060}
----------------------------------------------------------------------------

The distribution of *MTHFR* polymorphism and *PR* mutation was also studied in detail with respect to pregnancy outcome ([Table 5](#t0025){ref-type="table"}). When all the term and preterm cases were considered, Wilcoxon signed rank test based correlation analysis showed that negative pregnancy outcome (IUD/fetal death) significantly correlated with *MTHFR* (*p* \< 0.001) and *PR* (*p* = 0.005) variant genotype. The presence of *MTHFR* polymorphism significantly increased the risk of negative pregnancy outcome by more than three folds {OR = 3.421(1.656--7.069) at 95%CI, *p* = 0.001}; whereas presence of mutant *PR* genotype increased the risk of negative pregnancy non-significantly by 1.7 folds {OR = 1.707(0.369--7.898) at 95%CI, *p* = 0.367}. Within the preterm group, only *MTHFR* polymorphism (*p* = 0.032) but not *PR* mutation (*p* = 0.866) was found to significantly increase the risk of negative pregnancy outcome {OR = 2.263 (1.061--4.826) at 95%CI, *p* = 0.039}.

Significance of *MTHFR* polymorphism and *PR* mutation in deciding the outcome in preterm cases {#s0065}
-----------------------------------------------------------------------------------------------

### Within the extremely (\< 28 weeks) preterm group {#s0080}

In the extremely preterm group, the presence of *MTHFR* polymorphism was not significantly associated with negative pregnancy outcome (*p* = 0.069), but it significantly resulted in an eight fold increase in the risk of negative pregnancy outcome {OR = 8.000 (1.127--56.793) at 95%CI, *p* = 0.043}. Comparatively, the presence of *PR* mutation was not found to be associated with negative pregnancy outcome (*p* = 0.456).

### Within the very (28 to \< 32 weeks) preterm group {#s0085}

In the very preterm group, the *MTHFR* polymorphism (*p* = 0.758) or presence of *PR* mutation (*p* = 0.401) distribution was not found to be statistically significantly associated with negative pregnancy outcome. The presence of *MTHFR* polymorphism {OR = 1.257 (0.298--5.296) at 95%CI, *p* = 1.000} or *PR* mutation also didn\'t result in a significant fold increase in the risk of negative pregnancy outcome.

### Within the moderately (32 to \< 37 weeks) preterm group {#s0090}

Within the moderately preterm group, the presence of *MTHFR* polymorphism was not associated (*p* = 0.901) with any significant increase in negative pregnancy outcome {OR = 1.092 (0.274--4.353) at 95%CI, *p* = 1.000}. When the importance of the presence of *PR* mutation was analyzed with respect to pregnancy outcome, it was found that the presence of *PR* mutation was significantly associated with negative pregnancy outcome in the moderately preterm group (*p* = 0.033). Moreover, the presence of *PR* mutation resulted in increased risk of negative pregnancy outcome in this group {OR = 5.689 (0.965--33.521) at 95%CI, *p* = 0.090}.

Association of *MTHFR* polymorphism and *PR* mutation with baby birth weight {#s0070}
----------------------------------------------------------------------------

When all the term and preterm cases was considered, results showed that *MTHFR* polymorphism (*p* = 0.001) and *PR* mutation (*p* = 0.035) were significantly associated with lower baby birth weight. The distribution of *MTHFR* polymorphism and *PR* mutation was also studied in detail with respect to low birth weight in all the pregnancy cases. The *MTHFR* polymorphism was found to be significantly associated with low birth weight in term delivery cases (*p* = 0.007) but not in any of the preterm delivery groups (*p* = NS). When all the term and preterm cases were considered, the presence of *PR* mutation was not found to have any significant association with low birth weight in either term or preterm delivery cases ([Fig. 2](#f0010){ref-type="fig"}A,B; [Table 6](#t0030){ref-type="table"}).

Further within all the groups Wilcoxon signed rank test based correlation analysis showed that the presence of *MTHFR* polymorphism significantly increases the risk of low birth weight in pregnancy, in case of term (*p* \< 0.001) and extremely (*p* = 0.006) preterm delivery cases, whereas the presence of *PR* mutation was found to increase the risk of low birth weight significantly in case of very preterm (*p* \< 0.001) and moderately preterm (*p* \< 0.001) delivery cases ([Fig. 2](#f0010){ref-type="fig"}B).

Discussion {#s0075}
==========

Preterm birth is defined as birth occurring before 37 weeks of gestation and is one of the most significant contributors to neonatal mortality and morbidity, with long-term adverse consequences for health ([@bb0020], [@bb0075], [@bb0220]). Highest global prevalence of preterm delivery has been reported from India \[WHO report, November 2013, ([@bb0025]). Anthropological studies suggest that Northeast India also depicts an alarming picture of preterm delivery resulting in neonatal mortality and morbidity ([@bb0080]); but till date, no scientific study has been undertaken to elucidate the underlying the molecular risk factors associated with the susceptibility to preterm delivery in the NE Indian population, which is ethnically distinct from the other parts of India and its majorly mostly tribal dominated. Well-established observations support a genetic influence on the risk of preterm delivery and premature birth. Since folate and progesterone receptor pathway and the associated genes have been shown to influence the maintenance and outcome of pregnancy ([@bb0035], [@bb0195]); therefore we have undertaken this study to delineate the associative role of *MTHFR* polymorphism and *PR* gene mutation in predisposition to preterm delivery in Northeast India. For the present study, pregnancy cases were stratified based to gestation period as term delivery cases (\> 37 weeks), extremely preterm (\< 28 weeks), very preterm (28 to \< 32 weeks) and moderate or late preterm cases (32 to \< 37 completed weeks of gestation) ([@bb0030], [@bb0170]). The majority of the enrolled preterm cases belonged to the moderate or late preterm cohort (68.90%), while the lowest number of preterm cases belonged to the extremely preterm cohort (10.53%). Similar observations of distribution of preterm cases have been reported by [@bb0025], whereby it has been reported that most premature babies (\> 80%) are born between 32 and 37 weeks of gestation (moderately preterm), about 10% of preterm babies are born between 28 and \< 32 week and about 5% of premature babies are born before 28 wk of gestation. ([@bb0025]).

In this study, we first evaluated the alteration in *MTHFR* gene and its association in pre-disposition to preterm delivery. Low folate intake and unfavorable *MTHFR* genotype have been proved to contribute to chronic decidual vasculopathy and ultimately preterm birth ([@bb0120]). Multiple variants of the *MTHFR* gene are known, with the most studied being polymorphism C677T, which produces a thermolabile enzyme associated with hyperhomocysteinemia ([@bb0070]) in relation to multiple pathological entities, including obstetric complications and preterm delivery ([@bb0010], [@bb0130], [@bb0180]). Similar to these reported observations, the data from our study also showed that the distribution of *MTHFR* variant genotype was significantly higher in preterm delivery cases compared to term delivery cases (*p* \< 0.001). Within three different cohorts the distribution of *MTHFR* variant genotype was significantly associated with extremely (*p* \< 0.001), very (*p* = 0.001) as well as moderately preterm delivery (*p* = 0.002). Moreover, the presence of *MTHFR* variant genotype significantly increased the risk of extremely {OR = 5.903, *p* \< 0.001}, very {OR = 3.420, *p* = 0.002} and moderately preterm delivery {OR = 2.449, *p* = 0.002} compared to term delivery cases; extremely preterm delivery compared to very {OR = 1.726, *p* = 0.416} and moderately preterm delivery {OR = 2.410, *p* = 0.074}. Our data is contrary to the reports published by [@bb0175] who documented that there is no distinct association between methylenetetrahydrofolate reductase C677T mutations and preterm birth Caucasian women, but correlates with the study of [@bb0210] which showed a significant increase in the frequency of polymorphisms for *MTHFR* C677T and among Mexican women who had a history of preterm delivery compared with controls.

Next, when *MTHFR* polymorphism was studied with respect to the negative pregnancy outcome (IUD/fetal death) between term and preterm cases, it was observed that in preterm cases the presence of *MTHFR* polymorphism, was significantly associated with fetal death (*p* \< 0.001) and also it increased the risk of negative pregnancy outcome by more than three folds {OR = 3.421, *p* = 0.001}. Also within the preterm group it was found that *MTHFR* polymorphism (*p* = 0.032) significantly increases the risk of negative pregnancy outcome {OR = 2.263 (1.061--4.826) at 95%CI, *p* = 0.039}. Analysis of the role of *MTHFR* polymorphism in negative pregnancy outcome within three different cohorts: extremely, very and moderately preterm showed that, the presence of *MTHFR* polymorphism was associated with negative pregnancy outcome in the case of extremely preterm delivery (*p* = 0.069) and resulted in a significant increase in the risk of negative pregnancy outcome {OR = 8.000, *p* = 0.043}; whereas in very (*p* = 0.758) and moderately (*p* = 0.901) preterm group, the *MTHFR* polymorphism was not found to be statistically significantly associated with negative pregnancy outcome. Therefore, our results indicate the associative role of *MTHFR* polymorphism in negative pregnancy outcome in preterm delivery cases, and is similar to reports published by [@bb0100], who have also reported that existence of *MTHFR* polymorphism has a potential role in compromised fetal viability.

Further, we studied the association of *MTHFR* polymorphism with low birth weight of a baby within term and all the three cohorts of preterm cases. Our study showed that the *MTHFR* polymorphism was associated with low birth weight significantly between all the groups significantly (*p* \< 0.001). Also based on Wilcoxon signed rank test it was found that *MTHFR* polymorphism was significantly associated with low birth weight in term (*p* \< 0.001) and extremely preterm cases (*p* = 0.006). The results showing association of *MTHFR* polymorphism and low birth weight correlate with studies from other groups ([@bb0200]) showing that the presence of *MTHFR* 677T polymorphism is a potential risk factor for low birth weight (LBW) amongst which 16% were delivered prematurely in North Indian population.

Another important pathway associated with pregnancy is progesterone receptor pathway. Progesterone is essential in establishing and maintaining pregnancy by stimulating and regulating various functions like implantation of the embryo, promoting uterine growth and suppressing myometrical contractility ([@bb0045], [@bb0095], [@bb0160]) and also acting as an anti-inflammatory agent and regulator of immune response ([@bb0205]). Progesterone receptor *(PR)* mediates the physiologic effects of progesterone. Several mutations have been described for the *PR* gene, among which one stands out: a mutation named PROGINS, which finally results in reduction in final activity mediated by progesterone ([@bb0090]). We evaluated the PROGINS mutation using allele-specific PCR and correlated these results with preterm delivery, pregnancy outcome and baby birth weight. Our result depicts that the distribution of the *PR* mutation was higher in preterm delivery cases (5.26%) compared to term delivery cases (2.06%), but it didn\'t result in a significant increase (*p* = 0.088) in the risk of preterm delivery compared to controls {OR = 2.652, *p* = 0.115}. When distribution of *PR* mutation (PROGINS) was analyzed between term delivery cases against three different cohort of preterm cases viz., extremely, very and moderately preterm delivery groups; it was found that the presence of *PR* variant genotype was not significantly associated with extremely, very or moderately preterm delivery (*p* = NS). But importantly, the presence of *PR* mutation increased the risk of extremely {OR = 4.750, *p* = 0.116}, very {OR = 2.317, *p* = 0.299} and in moderately preterm delivery {OR = 2.427, *p* = 0.215} compared to term delivery. Our results show that *PR* mutation (PROGINS) is not significantly associated with preterm delivery risk, and is similar to reports from other research groups ([@bb0060], [@bb0155]). Our data on PROGINS is contrary to the reports published by [@bb0065] who documented that genetic variation in the PGR gene of either the mother or the fetus may trigger preterm labour.

Next, when the presence of *PR* mutation was studied for association with change in the risk of negative pregnancy outcome (IUD/fetal death), we found that *PR* mutation was non-significantly associated with the increase in negative pregnancy outcome {OR = 1.707, *p* = 0.367}. Importantly, the presence of *PR* mutation was significantly associated with negative pregnancy outcome in the moderately preterm group (*p* = 0.033) and resulted in increased risk of negative pregnancy outcome in this group {OR = 5.689, *p* = 0.090}. Similar to our result the finding reported by [@bb0015] and [@bb0125] for Indian and Australian populations did not support the association between PROGINS Alu-Insertion and idiopathic repeated spontaneous abortions. Further, although overall considering all the term and preterm delivery cases, *PR* mutation was found to be significantly associated with lower birth weight (*p* = 0.035); but the presence of *PR* mutation was not found to have any significant association with low birth weight in either term or preterm delivery cases. Wilcoxon signed rank test based analysis showed that *PR* mutation was found to increase the risk of low birth weight significantly in the case of very preterm (*p* \< 0.001) and moderately preterm (*p* \< 0.001) delivery cases.

To conclude, the present study strongly highlights the association of genetic factors in predisposition to preterm delivery and related complications. The presence of *MTHFR* C677T polymorphism is a risk factor for preterm delivery, negative pregnancy outcome and low birth weight. Moreover screening of *MTHFR* C677T polymorphism of the pregnant women during the first trimester can be used as a prognostic marker in the stratification of pregnancy cases who are at the risk of for extreme, very and moderate preterm delivery; and appropriate need based clinical interventions and required precautions can be taken for the prevention of premature delivery, also negating the risk of negative pregnancy outcome and low birth weight, thereby reducing the neonatal mortality and morbidity rates. Although *PR* mutation (PROGINS) was not significantly associated with preterm delivery in our cohort, but PROGINS mutation is an associative risk factor for negative pregnancy outcome in some of the preterm delivery cases, and is also associated with increased risk of low birth weight in a subpopulation of preterm delivery cases; and hence may also be treated as a risk factor independently or in combination of *MTHFR* in the prognosis of preterm delivery and related complications.
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![A: Representative photograph of agarose gel electrophoresis for PCR amplification of *MTHFR* gene fragment. B: Representative photograph of agarose gel electrophoresis of the restriction digestion products of *MTHFR* gene showing the presence of either wild type or heterozygous (characterized by presence of 198 + 175 + 23 bp and marked by \*) or homozygous condition (characterized by the presence of 175 + 23 bp marked by \#\*) for term and preterm cases. C: Representative photograph of agarose gel electrophoresis showing allele specific PCR amplification of *PR* gene showing the presence of either wild type (characterized by 170 bp) or heterozygous (characterized by presence of 170 + 306 bp and marked by \*) for preterm cases.](gr1){#f0005}

![\[A\]: Box plot analysis showing significant association of *MTHFR* polymorphism with low birth weight in term (*p* \< 0.001) and extremely preterm (*p* = 0.006) delivery cases. \[B\]: Box plot analysis showing significant association of *PR* mutation with low birth weight in very preterm (*p* \< 0.001) and moderately preterm (*p* \< 0.001) delivery cases.](gr2){#f0010}

###### 

Demographical profile of cohorts.

  Cases                Maternal age     Parity   Birth weight                    
  -------------------- ---------------- -------- -------------- ---------------- --------------------------------------
  Term                 24.180 ± 4.126   0        0--3           2.823 ± 0.4520   N/A[a](#tf0005){ref-type="table-fn"}
  Extremely preterm    22.545 ± 3.180   0        0--2           1.107 ± 0.3889   0.8458 ± 0.517
  Very preterm         25.139 ± 4.427   1        0--3           1.542 ± 0.4094   1.4 ± 0.707
  Moderately preterm   24.853 ± 4.416   0        0--4           1.953 ± 0.4820   1.813 ± 0.571

No cases of mortality were reported in term cases.

###### 

*MTHFR* and *PR* genotype distribution between term and preterm.

  Cases      *N*            *MTHFR* genotype          *MTHFR* variant allele   *P* value     Odds ratio                                                 
  ---------- -------------- ------------------------- ------------------------ ------------- -------------- ------------------------------------------- ----------------------
  Term       194            170 \[87.62\]             20 \[10.30\]             4 \[2.06\]    24 \[12.37\]   Ref                                         2.872 {1.704--4.841}
  Preterm    209            148 \[70.81\]             49 \[23.44\]             12 \[5.74\]   61 \[29.18\]   \< 0.001[⁎](#tf0010){ref-type="table-fn"}   
                                                                                                                                                        
  Cases      *N*            *PR* mutation (PROGINS)   PROGIN variant allele    *P* value     Odd ratio                                                  
                                                                                                                                                        
  Wildtype   Heterozygote   Homozygote                                                                                                                  
                                                                                                                                                        
  Term       194            190 \[97.93\]             4 \[2.06\]               0 \[0.00\]    4 \[2.06\]     Ref                                         2.652 {0.830--8.474}
  Preterm    209            198 \[94.73\]             11 \[5.26\]              0 \[0.00\]    11 \[5.26\]    0.115                                       

Cases defined as number \[%age\].

Statistically significant.

###### 

*MTHFR* genotype distribution between different stratified cohorts.

  Cases                *N*   *MTHFR* genotype   Less common allele   *P* value    Odds ratio                                               
  -------------------- ----- ------------------ -------------------- ------------ ------------ ------------------------------------------- -----------------------
  Term                 194   170 \[87.62\]      20 \[10.30\]         4 \[2.06\]   12.37        Ref                                         5.903 {2.302--15.138}
  Extremely preterm    22    12 \[54.54\]       10 \[45.45\]         0 \[0.00\]   45.45        \< 0.001[⁎](#tf0015){ref-type="table-fn"}   
  Term                 194   170 \[87.62\]      20 \[10.30\]         4 \[2.06\]   12.37        Ref                                         3.420 {1.587--7.369}
  Very preterm         43    29 \[67.44\]       11 \[25.58\]         3 \[6.97\]   32.55        .002[⁎](#tf0015){ref-type="table-fn"}       
  Term                 194   170 \[87.62\]      20 \[10.30\]         4 \[2.06\]   12.37        Ref                                         2.449 {1.388--4.322}
  Moderately preterm   144   107 \[74.30\]      28 \[19.44\]         9 \[6.25\]   25.69        .002[⁎](#tf0015){ref-type="table-fn"}       

Cases defined as number \[%age\]\].

Statistically significant.

###### 

*PR* mutation distribution between different stratified cohorts.

  Cases                *N*   *PR* genotype   Less common allele   *P* value    Odds ratio          
  -------------------- ----- --------------- -------------------- ------------ ------------ ------ ----------------------
  Term                 194   190 \[97.93\]   4 \[2.06\]           0 \[0.00\]   2.06         Ref    4.750 {.818--27.576}
  Extremely preterm    22    20 \[90.90\]    2 \[9.09\]           0 \[0.00\]   9.09         .116   
  Term                 194   190 \[97.93\]   4 \[2.06\]           0 \[0.00\]   2.06         Ref    2.317 {.411--13.078}
  Very preterm         43    41 \[95.34\]    2 \[4.65\]           0 \[0.00\]   4.65         .299   
  Term                 194   190 \[97.93\]   4 \[2.06\]           0 \[0.00\]   2.06         Ref    2.427 {.697--8.454}
  Moderately preterm   144   137 \[95.13\]   7 \[4.86\]           0 \[0.00\]   4.86         .215   

Cases defined as number \[%age\].

###### 

Distribution of *MTHFR* polymorphism and *PR* mutation in different cohorts based on pregnancy outcome.

  -----------------------------------------------------------------------------------------------------------------------------------
  (Outcome with *MTHFR* variant)                                                                                          
  -------------------------------- ------------- ---------------- -------------- -------------- ------------ ------------ -----------
  Term                             194           170 \[87.62\]    0\[0.00\]      20 \[10.30\]   0\[0.00\]    4 \[2.06\]   0\[0.00\]

  Extremely preterm                22            8\[36.36\]       4\[18.18\]     2\[9.09\]      8\[36.36\]   0\[0.00\]    0\[0.00\]

  Very preterm                     43            22\[51.16\]      7\[16.27\]     7\[16.27\]     4\[9.30\]    3\[6.97\]    0\[0.00\]

  Moderately preterm               144           99\[68.75\]      8\[5.55\]      26\[18.05\]    2\[1.38\]    8\[5.55\]    1\[0.69\]

                                                                                                                          

  (Outcome with *PR* variant)                                                                                             

                                                                                                                          

  *PR* variant                     Wild\         Heterozygotes\   Homozygotes\                                            
                                   (*n* = 198)   (*n* = 11)       (*n* = 0)                                               

                                                                                                                          

  Baby outcome                     *N*           Alive            Dead           Alive          Dead         Alive        Dead

                                                                                                                          

  Term                             194           190\[97.93\]     0\[0.00\]      4\[2.06\]      0\[0.00\]    0\[0.00\]    0\[0.00\]

  Extremely preterm                22            8 \[36.36\]      12\[54.54\]    2\[9.09\]      0\[0.00\]    0\[0.00\]    0\[0.00\]

  Very preterm                     43            30 \[69.76\]     11 \[25.58\]   2\[4.65\]      0\[0.00\]    0\[0.00\]    0\[0.00\]

  Moderately preterm               144           128 \[88.88\]    9 \[6.25\]     5\[3.47\]      2\[1.38\]    0\[0.00\]    0\[0.00\]
  -----------------------------------------------------------------------------------------------------------------------------------

###### 

Difference in baby birth weight based on presence of *MTHFR* polymorphism and *PR* mutation in different cohorts.

  Cases     *MTHFR*          *P* value        *PR*    *P* value                          
  --------- ---------------- ---------------- ------- ----------------- ---------------- -------
  Term      2.866 ± 0.4496   2.563 ± 0.3803   0.007   2.818 ± 0.4530    3.19 ± 0.002     0.143
  Preterm   1.759 ± 0.5513   1.712 ± 0.686    0.722   1.7623 ± 0.5869   1.535 ± 0.5084   0.166
